Background: Tripartite motif-containing protein 11 (TRIM11) is one of the E3 ubiquitin ligases, which is upregulated in several human tumors. Meanwhile, the detailed function of TRIM11 remains unclear in breast cancer cells. Purpose: The purpose of the present study is to analyze the biological function of TRIM11 and identify its potential signaling pathway in breast cancer cells. Patients and methods: Thirty five pairs of breast cancer specimens and adjacent-matched noncancerous samples were used to analyse the expression profile of TRIM11. RNA interference was utilized to silence TRIM11 in three breast cancer cell lines (T47D, ZR7530, and BT474) respectively. Meanwhile, overexpression of TRIM11 was induced in one breast cancer cells (MDA-MB-231) by using Lentiviral vector. Moreover, the AKT inhibitor (MK-2206) was used to determine the correlation between TRIM11 and AKT in breast cancer cells. Results: Our results indicated that TRIM11 was increased in breast cancer tissues. Moreover, TRIM11 was a pro-proliferation regulator in breast cancer cells and participated in the metabolism of glycolysis. Importantly, our results demonstrated that TRIM11 was involved in the AKT/GLUT1 signaling pathway in breast cancer cells. Conclusion: Present research not only gained a deep understanding of the biological function of TRIM11 but also provided evidences to indicate its possible signaling pathway in breast cancer cells.
Introduction
Breast cancer is one of the most common malignancies in female all over the world, which is a highly heterogeneous disease. 1 Although early detection and treatment benefit to prognosis, the mortality of breast cancer is still very high. 2 Currently, the surgical is the major option in the treatment for breast cancer. This treatment not only has negative physical and emotional effects on sufferers but also influences their social activity. 3 Hence, enhancing the understanding of the molecule mechanism of breast cancer was urgently needed. Tripartite motif-containing protein 11 (TRIM11) belongs to the E3 ubiquitin ligase family, which is identified as an oncogene in certain cancers. Previous reports have indicated that TRIM11 promotes the proliferation and invasion of hepatocellular carcinoma cells. 4, 5 Moreover, TRIM11 has accelerated the progression of colon cancer though increasing the proliferation and suppressing the apoptosis. 6 In addition, TRIM11 has also improved the development and metastasis of lung cancer cells. 7 However, the precise biological function of TRIM11 remains unclear in breast cancer cells. It has been confirmed that cancer cells need extra energy to meet the rapid proliferation. 8 Therefore, the activity of aerobic glycolysis is often elevated in cancer cells. 9 Glucose transporter 1 (GLUT1) has regulated the metabolism of aerobic glycolysis and is upregulated in cancers. Previous reports have demonstrated that GLUT1 promotes the development and metastasis of breast cancer cells. 10, 11 Therefore, it is vital and valuable to further investigate the molecule network of GLUT1 in breast cancer cells. The phosphatidylinositol 3-kinase/AKT (PI3K/AKT) signaling pathway plays an important role in the regulation of cell survival and proliferation and closely links to tumorigenesis. Previous reports have demonstrated that the activation of PI3K/AKT signaling pathway promotes the growth and progression of breast cancer. 12, 13 Moreover, the AKT/GLUT1 signaling pathway plays an essential role in the regulation of proliferation and glycolysis in lung cancer cells.
14 However, the biological function of AKT/GLUT1 signaling pathway in breast cancer cells still needed to be further explored.
In this study, we analyzed the function of TRIM11 and identified its potential molecule network in breast cancer cells. TRIM11 was induced silencing and overexpression in breast cancer cells through RNA interference and lentiviral vector, respectively. Our analysis not only gained a deep insight into TRIM11 but also provided evidences in terms to develop a novel approach for the treatment of breast cancer.
Materials and methods

Tissue samples of breast cancer
The number of Thirty five pairs of breast cancer specimens and adjacent-matched noncancerous samples were collected from the Second Affiliated Hospital of Soochow University. Tissues were stored at −80°C after being snapfrozen in liquid nitrogen and used for the following analysis. Our research was approved by the independent ethics committee of the Second Affiliated Hospital of Soochow University and was conducted in accordance with the Declaration of Helsinki. All patients provided written informed consent.
Cell culture
All breast cancer cell lines MDA-MB-231 (ER-; PR-; Her2-), MCF7 (ER+; PR+; Her2-), T47D (ER+; PR+; Her2-), BT474 (ER+; PR+; Her2+) and ZR7530 (ER+; PR-; Her2+) were purchased from cell bank of Shanghai biology institute (Shanghai, China). Cells were planted in DMEM Medium (Trueline, USA) and were cultured in the incubator with the condition of 5% CO 2 , at 37°C.
RNA extraction and qRT-PCR
TRIzol Reagent kit (Invitrogen, USA) was used to isolate total RNA from all samples. Then, the complementary DNA (cDNA) was synthesized by the cDNA synthesis kit (Fermentas, Canada) following the manufacturer's introduction. The program of qRT-PCR was set as follows: 95°C for 10 mins followed by 40 cycles of 95°C for 15 s, 60°C for 45 s and normalized to GAPDH. 2 −ΔΔCt method was used to calculate the gene relative expression. Three replicates were needed for every data. Primer sequences were presented in the Supplementary material.
Silencing and overexpression of TRIM11
Lentiviral plasmids (pLKO.1) containing three short interfering RNAs (siRNA) targeted to various regions of human TRIM11 (NM_145214.2) and a non-specific siRNA (siNC) were synthesized (Major, Shanghai, China). Meanwhile, pLVX-puro vector contained the full length of human TRIM11 cDNA sequence and the mock plasmid (oeNC) were transiently transfected in breast cancer cells respectively by Lipofectamine 2000 (Invitrogen, USA). Analyses were established at 48 hrs after being transfected. The sequences information of siTRIM11s was listed in Table S1 .
Western blot
Total protein lysates were isolated from indicated samples by using RIPA lysis buffer (JRDUN, Shanghai, China). BCA protein assay kit (Thermo Fisher, USA) was used to quantify the protein concentration. The protein was fractionated on 10% SDS-PAGE, after that, transferred the gel to a nitrocellulose membrane (Millipore, USA) for 12 hrs. Then, the membrane was blocked with nonfat dry milk (5%) at room temperature for 60 mins. Next, the membranes were probed with the primary antibodies at 4°C overnight. Then, the membranes were probed with the secondary antibody anti-mouse IgG (Beyotime, China) at 37°C for 60 mins. The protein expression value was detected by an enhanced chemiluminescence system (Tanon, China). The detail information of primary antibodies was listed in Table S2 .
Cell proliferation
The cell proliferation rate was examined by the cell counting kit-8 (CCK-8) assay kits (SAB, USA 
Glucose transport and lactate production assay
Briefly, the glucose analog 2-NBDG (Molecular Probes, OR) was used as a fluorescent probe for determining the activity of Glucose transport. In order to examine the uptake of 2-NBDG, a total of 5×10 5 cells were seeded in six-well plates. Then, all the cells were pre-incubated in Krebs-Ringer bicarbonate (KRB) buffer (glucose free) for 15 mins after maintaining in a 5% CO 2 atmosphere at 37°C for 24 hrs. After that, cells incubated in fresh KRB buffer supplemented with 2-NBDG for 45 mins at 37°C, 5% CO 2 . Microplate reader (Pulangxin, China) was utilized to examine the OD values at wavelength 485 nm. Moreover, Lactate Assay Kit (njjcbio, China) was utilized to examine the production of lactate in different cells according to the protocol of the manufacturer.
Xenograft model
Experiment was performed in agreement with the independent ethics committee of the Second Affiliated Hospital of Soochow University and was guided by the Institute's guidelines for animal experiments. Moreover, this research was confirmed by the Institutional Animal Care and Use Committee (IACUC). ZR7530 cells that transfected with siNC or siTRIM11 (n=5×10 6 ) were subcutaneously injected into the right flank of 4-6 week old nude mice (n=6 for each group; Shanghai Laboratory Animal Company, China). Tumor length and width were determined every third day for a total of 33 days after injection. Tumor volume was calculated as length × (width 2 /2).
Statistical analysis
Statistical analyses were performed by using GraphPad Prism software Version 7.0 (CA, USA). All data represented as means ± SEM from three independent experiments. Statistical significance was assessed by the analysis of variance. Statistically significant was accepted as the P -value <0.05.
Results
TRIM11, GLUT1, and HKII were upregulated in breast cancer samples
Quantitative real-time PCR (qRT-PCR) was performed to quantify the mRNA expression content of TRIM11, GLUT1, and HKII in 35 pairs of breast cancer tissues and matched para-cancerous samples. As shown in Figure 1 , it was clear to identify that the mRNA expression level of TRIM11 was obviously increased in breast cancer tissues compared with that of normal samples. Moreover, both the GLUT1 and HKII were also significantly upregulated in breast cancer tissues.
Silencing and overexpression of TRIM11 in breast cancer cells
In order to further investigate the function of TRIM11 in breast cancer cells, qRT-RCR, and Western blot were established to quantify the mRNA and protein content of TRIM11 in five breast cancer cell lines, including MDA-MB-231, MCF7, T47D, and ZR7530 and BT474. Clearly, both the relative mRNA and protein content of TRIM11 were remarkably promoted in T47D, ZR7530 and BT474 cells. Meanwhile, the level of TRIM11 was lowest in MDA-MB -231 cells among all cell lines as indicated (Figure 2A and B) . Therefore, T47D, ZR7530 and BT474 cells lines were chosen for silencing the expression of TRIM11. Overexpression of TRIM11 was induced in MDA-MB-231 cells.
To silence the expression of TRIM11 in breast cancer cells, T47D, ZR7530, and BT474 cells were transfected with three siRNAs aiming at human TRIM11 (siTRIM11-1, siTRIM11-2, siTRIM11-3) and a non-specific siRNA (siNC) respectively. The untreated cells were served as the blank control (BLANK). All of the TRIM11 siRNAs were well functioned and deeply inhibited the levels of endogenous TRIM11 ( Figure 2C and D) . Therefore, we chose siTRIM11-1 and siTRIM11-2 transfected cells in the following analysis.
As for overexpression of TRIM11, a plasmid containing the full length of TRIM11 cDNA (oeTRIM11) was transfected to MDA-MB-231 cells. A mock plasmid (oeNC) was transfected as a negative control. It was easily identified that the content of TRIM11 was significantly upregulated by oeTRIM11 in MDA-MB-231 cells ( Figure 2E and F) . Therefore, oeTRIM11 transfected cells were used for further analyses.
Silencing of TRIM11 suppressed the proliferation rate of breast cancer cells
The cell proliferation rate was measured by CCK-8 assay. The proliferation rate of BLANK and siNC transfected cells showed no significant difference in all time point in different cell lines. However, the proliferation rates of T47D, ZR7530, and BT474 cells were suppressed by siTRIM11-1 or siTRIM11-2 at 24 hrs after transfection.
Moverover, siTRIM11-1 or siTRIM11-2 showed a stronger effect in inhibiting the proliferation of different cells as indicated at 48 and 72 hrs after transfection. (Figure 3A-C) . Therefore, TRIM11 was a proproliferation regulator in breast cancer cells.
Glucose transport activity and lactate production were inhibited in siTRIM11-transfected cells Next, we determined the glucose transport activity and lactate production in TRIM11 siRNAs-transfected cells. Interestingly, the uptake of the glucose analog 2-NBDG was significantly downregulated in siTRIM11-1 or siTRIM11-2 transfected cells ( Figure 3D) . Meanwhile, the lactate production was also remarkably decreased in siTRIM11-1 or siTRIM11-2 transfected cells ( Figure  3E ). Therefore, knockdown of TRIM11 deeply suppressed the activity of glycolysis in T47D, ZR7530, and BT474 cells. Then, the protein content of AKT, p-AKT, GLUT1, and HKII was quantified by Western blot in T47D cells transfected with siTRIM11-1 or siTRIM11-2. The content of p-AKT was significantly reduced in siTRIM11-transfected cell. Therefore, knockdown of TRIM11 significantly inhibited the phosphorylation of AKT in T47D cells. Meanwhile, the level of HKII and GLUT1 was also downregulated in siTRIM11-1 or siTRIM11-2 transfected cells ( Figure 3F ). These results demonstrated that TRIM11 was positively correlated with HKII and GLUT1 and further indicated that TRIM11 involved in the metabolism of glycolysis in breast cancer cells. Interestingly, the similar results were also obtained in ZR7530 or BT474 cells transfected with siTRIM11-1 or siTRIM11-2 ( Figure 3G and H).
The function of TRIM11 was suppressed by the AKT inhibitor
In order to further examine the correlation between TRIM11 and AKT, the oeNC or oeTRIM11 transfected cells were cultured with the AKT inhibitor MK-2206, respectively. At 24 hrs after transfection, the proliferation of oeTRIM11 transfected cells was higher than that of oeNC transfected cells. Moreover, overexpression of TRIM11 remarkably upregulated the proliferation rate of breast cancer cells at 48 and 72 hrs after transfection ( Figure 4A ). These results demonstrated that overexpression of TRIM11 promoted the proliferation of breast cancer cells. However, this effect was deeply suppressed by the AKT inhibitor MK-2206 in all time points after transfection. In addition, we also investigated the glucose transport activity and lactate production in different cells. Obviously, the glucose transport activity and lactate production were significantly upregulated in oeTRIM11 transfected cells. Interestingly, both of them were remarkably downregulated by the AKT inhibitor MK2206 in oeTRIM11 cultured cells ( Figure 4B and C) . Meanwhile, we also examined the protein content of p-AKT, AKT, HKII, and GLUT1 in the cells as indicated. As shown in Figure 4D , the phosphorylation of AKT was significantly upregulated in oeTRIM11 transfected cells. Moreover, overexpression of TRIM11 promotes the expression of HKII and GLUT1. Interestingly, the AKT inhibitor deeply suppressed the expression of p-AKT, HKII, and GLUT1 in oeTRIM11 transfected cells. Therefore, TRIM11 might involve in the same pathway with AKT in breast cancer cells.
siTRIM11 suppressed the tumorigenicity of breast cancer cells in nude mice
Next, we analyzed the effect of TRIM11 siRNA on tumorigenicity in vivo. The nude mice were hypodermically injected with ZR7530 cells that transfected with siNC or siTRIM11, respectively (n=6 for each group). The formation of tumor was examined every third day for a total of 33 days (beginning at day 12). Both of the injected cells were able to develop tumors. However, the TRIM11 siRNA injected cells deeply suppressed the growth rate of tumor in vivo. The weight and volume of siTRIM11 tumors were significantly downregulated compared with that of siNC tumors ( Figure 5A and B) . Moreover, the apoptosis ratio of siTRIM11 tumor was much higher than that in siNC tumor ( Figure 5C ). Further,the protein level of TRIM11 was also deeply decreased in siTRIM11 tumors. Meanwhile, the similar results were also detected in the examination for HKII, GLUT1, and p-AKT ( Figure 5C and D). Taken together, all these results indicated that knockdown of TRIM11 inhibited the growth of tumor though regulating the glycolysis metabolism.
Discussion
Breast cancer belongs to the most feared tumors in female all over the world, which displays a high degree of heterogeneity. 15 For this reason, the outcomes of traditional therapy (surgery and chemotherapy) methods are not effective enough for breast cancer sufferers. Therefore, deepened the understanding into the molecule network of breast cancer contributes to develop a novel approach for its treatment.
At present research, we systemically analyzed the effect of TRIM11 on breast cancer cells. We induced silencing and overexpression of TRIM11 in breast cancer cells. Results that obtained from these two experimental sections were in agreement. Therefore, our conclusion was more credible.
TRIM11 has been reported as an oncogene in some certain cancers. Previous report has demonstrated that overexpression of TRIM11 induces proliferation and metastasis of lung cancer and gliomas cells. 4, 7, 16 Moreover, silencing of TRIM11 deeply reduced the proliferation and invasion of ovarian cancer cells. 17 It has been well elucidated that T47D, ZR7530, and BT474 cells are different types of breast cancer cells. 18 In this study, our findings indicated that TRIM11 was a proproliferation factor and presented a similar function in different types of breast cancer cells. Therefore, those results further demonstrated that TRIM11 was a crucial proto-oncogene in the pathogenesis of human breast cancer.
Hexokinase II (HK-II) is necessary for the first step in glycolysis process, which is localized in the cytosol and mitochondria. 19 Previous report has demonstrated that HKII is overexpressed in various human cancers, which shows the potential value as a therapeutic target in the cancer treatment. 20 It has been reported that HKII promotes the activity of glycolytic to meet the energy consumption in the proliferation and progression of breast cancer cells. 21 In the present research, the level of HKII was also upregulated in breast cancer tissue and cells. Importantly, these results indicated that HKII was positively correlated with TRIM11 in breast cancer cells. Therefore, TRIM11 might mediate the proliferation of breast cancer cells though regulating HKII. GLUT1 has been reported as a prognostic biomarker for human breast cancer. 22 Previous report has demonstrated that GLUT1 promotes the proliferation and metastasis of breast cancer cells. 10 In addition, suppression of GLUT1 has re-sensitized the radio-resistant breast cancer cells to radiation. 23 In this study, our results indicated that GLUT1
was positively regulated by TRIM11 in breast cancer cells. Therefore, TRIM11 might promote the metabolism of glycolysis though regulating GLUT1 in breast cancer cells. Much more importantly, our analysis also suggested the positive correlation between TRIM11 and p-AKT in breast cancer cells. The AKT signaling pathway plays an essential role in the progression of breast cancer cells. 24 Moreover, it has been demonstrated that the activity of AKT is positively correlated with the level of GLUT1 in ovarian cancer cells. 25 In addition, PI3K/GLUT1 signaling pathway stimulates the glucose uptake and lactate metabolic. 26, 27 AKT pathway also promotes the expression of HKII and subsequently increased glucose capture. 28 The AKT/GLUT1/HKII signaling pathway is reported as the potential target in the prevention of growth and glycolysis activities in lung cancer cells. 14 At present research, we found GLUT1 and HKII were also upregulataed in breast cancer tissues and positively correlated with TRIM11. Therefore, our results indicated that TRIM11 was the upstream component in PI3K/GLUT1/HKII signaling pathway in breast cancer cells.
Conclusion
At the present study, we systemically explored the function of TRIM11 in breast cancer cells. This research not only gained a deep understanding of the biological function of TRIM11 but also provided evidences to indicate its possible signaling pathway in breast cancer cells.
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